positive chronotropic and inotropic effects. However, for an equal increase in sinus rate, dopamine caused less increase in tension development than nor epinephrine.
Tyramine caused least increase in contractility. Effects induced by dopamine were not blocked by treatment with tetrodotoxin which blocked those induced by nicotine.
Desmethylimipramine treatment significantly suppressed dopamine-induced effects and completely blocked tyramine-induced ones but rather enhanced norepinephrine-induced ones. Alprenolol inhibited effects of dopamine, tyramine and norepinephrine. It is well recognized that dopamine has a cardiac stimulating property which partly by acting directly on beta-adrenergic receptors and partly by releasing norepinephrine from sympathetic storage sites (McDonald and Goldberg 1963; Goldberg 1972; Chiba et al. 1973 Chiba et al. , 1974 . On the other hand, it has been reported that dopamine causes a smaller increase in heart rate at an equivalent increment in cardiac contractile force than other catecholamines Rolett 1966, 1968; Harrison et al. 1969; Wintroub et al. 1969 ). In 1970, Tuttle suggested that the disparity between heart rate and contractility induced by dopamine may be due to a small direct effect of dopamine on the SA node. In the present study, it was attempted to investigate effects of dopamine, tyramine and norepinephrine on atrial rate and contractility, using the blood perfused, isolated atrium preparation of the dog (Chiba et al. 1975a , b) which was originally developed by Chiba et al. (1972) . Furthermore, these effects were pharmacologically analyzed by use of desmethylimipramine (Chiba 1974) , tetrodo toxin (Hashimoto and Chiba 1969 ) and alprenolol. A preliminary report of part of these results has been published (Chiba 1975 ).
METHODS
Twenty-five mongrel dogs were anesthetized with i.v. sodium pentobarbital.
After treatment with sodium heparin, the right atrium was excised.
The sinus node artery was cannulated and perfused with arterial blood led from the heparinized support dog. The details of preparation have been described in the previous papers (Chiba et al. 1975a, b; Chiba 1975 ). The electrogram, atrial rate, perfusion flow rate, isometric tension develop ment and the maximum rate of the developed tension (dT/dt) were measured and recorded on an ink-writing rectigraph.
The perfusion flow rate was 2 to 4.5 ml/min, and the atrial rate was approximately 100 beats/min in this study.
The drugs used were dopamine hydrochloride (Kyowa Hakko), norepinephrine hydrochloride (Sankyo), tyramine hydrochloride (Wako), tetrodotoxin (Sankyo), desme thylimipramine (Fujisawa), alprenolol (AB Hassle) and nicotine (base). The drug solution was intra-arterially injected into the cannulated sinus node artery in a volume of 0.01 to 0.03 ml over a 4 sec period.
RESULTS
Effects of dopamine on the blood-perfused, isolated atrium preparation Effects of desemethylimipramine on responses to dopamine, tyramine and norepine phrine When desmethylimipramine was injected into the cannulated sinus node artery, initially negative chronotropic and inotropic responses followed by relati- •õ significantly different from control values (P<0.02).
•ö significantly different from control values (P<0.01).
vely long-lasting positive chronotropic and inotropic ones were dose-relatedly induced. However, the positive chronotropic response was predominantly induced and the positive inotropic one was occasionally unclear .
The positive chronotropic and inotropic responses to tyramine were markedly inhibited by treatment with desmethylimipramine , and those to dopamine were significantly suppressed by that as shown in Fig . 3 . On the other hand, those to norepinephrine were rather enhanced by desmethylimipramine treatment .
Summarized data are shown in Table 2 . 
DISCUSSION
Previously Chiba et al. (1973) reported that dopamine induced a long -lasting positive chronotropic effect as compared with norepinephrine or epinephrine when injected into the sinus node artery of the in situ dog heart . In addition, Chiba et al. (1974) also reported that the positive chronotropic effect of dopamine was significantly suppressed by treatment with desmethylimipramine , although it was not influenced by tetrodotoxin . Those results suggested that the positive chronotropic action of dopamine is tyramine-like partly due to release of norepinephrine, because tyramine action was blocked by treatment with des methylimipramine ) , although it was not influenced by tetrodotoxin (Hashimoto and Chiba 1969) . However, the inotropic action of dopamine has not been exmained yet on the dog atrium by reason of the difficulty of the measurement of the tension development . Recently, the blood perfused, isolated atrium preparation of the dog heart, arranged by Chiba et al. (1972) , was modified for measuring the contractile force (Chiba et al. 1975a, b) . In that arrangement, both atrial rate and the tension development persisted unchanged over 5 hr in all 5 control experiments (Chiba et al . 1975b ). In the present study, using this preparation dopamine action was investigated not only on chronotropism but also on inotropism. Even in inotropism , dopamine action was not influenced by treatment with tetrodotoxin and it was suppressed by desmethylimipramine treatment, i.e., dopamine-induced positive chronotropic and inotropic effects were not modified by tetrodotoxin which blocked nicotine action, and these were significantly suppressed by desmethylimipramine which markedly blocked tyramine action but slightly potentiated norepinephrine action. In 1970, Tuttle reported that the positive isotropic response of the dog ventricle to dopamine is more predominant than the positive chronotropic one. In the present study, dopamine did not show more predominant inotropic response than the positive chronotropic one on the dog atrium. As demonstrated previously, the inotropic action of dopamine was rather smaller than chronotropic one, i.e., the order to the ratios of the inotropism/chronotropism was norepine phrine>dopamine>tyramine (Chiba 1975) . The difference from Tuttle's result (1970) which indicated predominant inotropic effect of dopamine may be due to reasons as follows: 1) this preparation is completely isolated from extracardiac factors but the preparation used by Tuttle is not completely excluded from the influence of the reflex mechanism, and 2) in this study dopamine exerts its inotropic effect on the dog atrium but not on the dog ventricle.
